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ABSTR/ACT 

A program investigated the' feasibility of°training 
selected abilities so as- to facilitate transfer among tasks requiring 
these abilities ' and thus reduce' training time and increase personnel 
flexibility. An extensive review of relevant literature was a first 
step; in this investigation. Undergraduate college students were used 
es subjects in an initial and a followup study, both of which used 
experiment al^and control groups and a pretest/posttest experimental 
design. - The first experiment examined the abilities of spatial 
scanning and flexibility of closure both for increase^ in the 
abilities as a result of training an,d for transfer of training .to a 
criteria task requiring those abilities. Spatial scanning ability 
improved, flexibility of closure did not, and' no transfer o^f trail 
occurred. The second experiment attempted to/train a single 
ability—spatial .visualization — for transfer/ to two different 
criterion tasks. No improvement in spatial visualization could" be 
inferred as a result of training, and no transfer 5 o£ training 
occurred. Results suggested that (1) length! and-.type of training may 
te critical factors, (2) som.e abilities may be more, amenable to 
training than others, and (3) alternative training strategies should 
te considered. ( YLB) m / 



.ning 



************************************** *******************^*^ 

* Reproductions supplied by EDRS are the best that can be made * 
"* from the original document. * 

* ************************************* ********************************* 




ARR0-3010-FR 



/TRA INABILITY OF ABILITIES 



Jerrold M. Levine 



FINAL REPORT 



Prepared under Contract to the 
Personnel and Training Research Programs 
Psychological Sciences Division 
Office of Naval Research 
Department of the .Navy 



Contract No. N00014-77-C-0268 
NR No. 154-400 



Approved for public release; distribution unlimited. 
Reproduction in whole or in part is permitted for 
^any purpose of the United States Government. 

) ADVANCED RESEARCH RESOURCES ORGANIZATION 



June 1980 



U S DEPARTMENT OF HEALTH. 
EDUCATION A WELFARE . 
NATIONAL IN5TITUTE OF 

EDUCATION " % 

THIS DOCUMENT HAS BEEN REPRO- 
DUCED EXACTLY AS RECEIVED FROM 
THE PERSON OR ORGANIZATION ORl&'N* 
ATING IT POINTS OF VIEW OR OPINIONS 
STATED DO NOT NECESSARILY R EPR E- 
SENTOFFICIAL NATIONAL I N S T I TU TE OF 
EDUCATION POSITION OR POLICY 



SECURITY CLASSIFICATION OF THIS PAGE (Whit Dmtm Brxt*v<Q 



REPORT DOCUMENTATION PAGE 



READ INSTRUCTIONS 
BEFORE COMPLETING FORM 



1. REPORT NUMBER 



2. GOVT ACCESSION NO 



3. RECIPIENT'S CATALOG NUMBER 



V 



4. TITLE (ond Subtitle) 

0 

Trainability of Abilities 



5. TYPE OF REPORT ft PERIOD COVERED 



Hnal Report 
15 Mar 77 -./1 5 Mar 80 



6. PERFORMING ORG;'" REPORT ^UMBER^ 

ARR0-30ig4B v 



7. AUTHOR^ 

Jerrold M. Levine 



«. CONTRACT/OR GRANT NUMBER^*) 

N00014-77-C-0268 



9. PERFORMING ORGANIZATION NAME AND ADDRESS 

Advanced Research Resources Organization 
4330 East-West Highway, Suite 900 
Washington, D.C. 20014 



10. PROGRAM ELEMENT. PROJECT, TASK 
AREA A WORK UNIT NUMBERS 

61153N, RR042-06 
. RR042-06-01, NR 154-400 



11. CONTROLLING OFFICE NAME AND ADDRESS 

Personnel and Training Research Programs 
Office of Naval Research (Code 458) 
Ar 1 i n gton, Virginia 22217 1 



12. REPORT DATE 

June 1980 



13. NUMBER OF PAGES 

34 



14. MONITORING AGENCY NAME ft AOQRESS(i( dlttorent from Controlling Oftico) 



15. SECURITY CLASS.»(o/ thim report) 



Unclassified^/" 



\Sa. DECLASSIFI CATION/ DOWN GRADING 
/• SCHEDyLE 

\ j 



16- DISTRIBUTION STATEMENT (oi thU Rmport) 



1 



Approved for public release; distribution unlimited, 



v. 



17. DISTRIBUTION STATEMENT (ol thm mbmtrmct mn Imr md in Block 20, It dittmrmnt from Rmport) ; 



18- SUPPLEMENTARY NOTES 



19. KEY WORDS (Conttriuo on rmvmr»m midm it n+c+vomry mnd Identity by block nvmbmr) 

Training \- . \ , Spatial Visual izati on 

Transfer of Training . Abil ity Training 

Abilities Electronic Trouble-shooting / 

Spatial Scanning Flexibility of Closure 

20. ABSTRACT (X? on tinw on rtrwit mid* it nw»w«7 mid identity by block nomhmr) 

The feasibility of training selected abilities so as to facilitate transfer among 
tasks requiring .these abilities and therefore. reduce training time and increase 
personnel flexibility was investigated. Undergraduate college students partici- 
pated in several studied of from one to five days duration. Experimental sub- 
jects received extensive practice with feedback provided. on a set of tasks known 
to require the ability of being trained. Control subjects received no practice. 
All subjects were tested on transfer tasks which were dissimilar to the training 
tasks but which had earlier been demonstrated to require for succ essful task 

COITION OF 1 MOV *S IS OBSOLETE 

SECURITY CLASSIFICATION OF THIS PAGE (Whrnn Dmt* Bnfrod) 

c 

- . O ' ; 



0 DDiEfttMJS 

ERLC 



SECURITY CLASSIFICATION OF THIS PAGEfPhro Datm Bnimfd) 



Continued from Block 20— Abstract 

performance the abilities being trained. Results Indicated that training sig- 
nificantly enhanced one of three of the abilities,' as measured by a standard 
ability test administered- before and after training. There was no evidence that 
performance on the transfer tasks was affected significantly as a result of 
training' (i .e., thene was no transfer of training). 



/ 



ERLC 



,• SECURITY CLASSIFICATION OF THIS FAGCfWftin Data Knffit) 

'i 



ERIC 



ABSTRACT" !. 1 



The feasibility of training selected abilities so as to facilitate 

° v' * 

transfer among tasks requiring these abilities and thereby reduce 

\ \ 

training time and increase personnel flexibility was investigated. - 
A review of the literature relevant to" ability" training and nonspecific 
transfer produced mixed support for ability training, and. only indirect 
support for nonspecific transfer. An experiment was conducted to A train 
the abilities of flexibility of closure and spatial scanning' for trans- 
fer to an electronic trouble-shooting task.' While the spatial scanning 
ability improved with training, flexibility of closure did not, and 
no transfer of training occurred. A second experiment attempted to 
train a ..single abil ity--spatial visual izati'on— for transfer to two 

different criterion tasks. No improvement in spatial visualization 

/ • ' 

as a result of training could be inferred, and no transfer of traininq^- 

/ . / Z 

occurred. The ^/impl ications of these results are discussed in terms 6 f 

alternative training strategies which ,might"'increase the V^eTihood 

of successful/ability training and transfer. 
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• INTRODUCTION 1 

f 

/ Personnel training requirements in the Navy have altered con- 
siderably in recent years, due to the impact of a number of variables. 
Increased automation in man-machine systems has reduced the number of 
personnel manning the systems, -but enhanced the responsibility of those 
personnel. Fewer billets, smaller crew sizes, and the increasWcom- 
plexity of Navy tasks have all affected the demands p-l3ce~<Ton a training 
program. Simultaneously training costs have increased reducing the 
cost-effectiveness of direct training for. each of the varied and complex 
skills required of the personnel . What may be needed is training fo- 
cused on general ability requirements of the jobs. Such a program would 
increase personnel flexibility since the trained ability would apply 
to a number of skills and tasks. 

The identification of general human abilities accounting for indi- 
vidual differences in cognitive, perceptual, and motor performance has 
been the subject of extensive research (cf.. Fleishman, 1964, 1972; 
French, Eckstrom, & Price, 1963; Guilford, 1967): As a result of 
these efforts, abilities have been conceptualized as broad capacities, 
underlying performance on a variety of human tasks (Fleishman, 1967, 
1972). Typically, abilities are identified through correlational studies 
of human performance, in which the fact of individual differences is 
exploited to gain insights" about common processes required to perform 
different groups of tasks. This is contrasted with skills, which define 
levels of proficiency. in a particular task. Clearly, 0 if training a, 
general ability increased the level of skill on several tasks, then . 
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ability training would provide an extremely cost-effective alternative 
to specific skill training. 

The initial difficulty is to determine whether or not it is pos- 
sible to modify or increase the level of a given ability possessed by 
an individual . In the traditional conceptualization, abilities are 
considered to be the product of early learning and genetic .factors 
(Fergusd'n, 1956; Gagne & Fleishman, 1959) .' and the ability remains 
relatively stable and unchanging in the adult (Fleishman, 1972)/ There 

. " ^ o 

is some evidence, however, to indicate that abilities can be modified 
through appropriate experience even in adult 'life. For example," 

Brinkmann (1966) provided extensive training in the behaviors thought 

f 

to-be involved in spatial visualization ability (i.e. discrimination, 
recognition, organization, and orientation). He found that the trained 
group improved their performance on a spatial relations criterion test 
to a significant degree, while ah untrained control group did not. 
improve. ' * 

o • 

The potential gains in terms of personnel flexibility and reduced 
training cost mandate exploratory investigation of the feasibility of 
ability training. As a first step. in this investigation, an extensive 
review of the rele/ant, literature was conducted (Hogan, 1978). This 
review provided' the bases for '-an initial experimental investigation, in 
which the/abilities of spatial scanning and flexibility of closure were 
systematically examined, both for increases in the abilities as a result 
of training, and for transfer of training to a criterion task requiring 
those abilities (Levine, Brahlek, Eisner, & Fleishman, 1979).^ .A 

■ ; .- \ • 



follow-up to this study employed a refined design tdMnvestigate the 
potential for training^ spatial visualization ability and obtaining trans- 
fer to multiple Criterion tasks (Levine, Jchulman, Brahlek,-5 Fleishman, 
1980). Each of these three activities in the investigation of ability 
training is\ummarized below, followed fry conclusions and implications 
drawn from the investigations.^ * 
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' BACKGROUND 

The research relevant to training and transfer of abil itiesocan be 
considered in. three major groupings: early laboratory research of 
direct relevance; later, more sophisticated laboratory research of less 
import; and applied research. Each of these research areas provides 
us with clues regarding the potential traic^bility of abilities. 

Early Research 

, One of the first attempts to train an ability was conducted by 
William James (1890). He tried to improve a subject's memory ability 
by training them to memorize the poetry of one author, and transferring 
them to memorization of a different author's verse. James obtained no 
positive transfer, and indeed his failure to use a training control „ 
would have rendered the results difficult to evaluate in any case. 
Several later attempts were apparently more successful, however. 
Sleight (1911) reported work by Ebert and Meumann which employed a 
variety of training materials' and criteria, trained over a nine-month 
period, and.empl oyed pretest controls. Their results showed a general 
improvement in memory ability overall and indicated that the amount of 
improvement was generally proportional to the degree of similarity'^ 
between training task and criterion test. Others, (Winch, 1910) ob- 
tained similar results, but methodological problems such as inequality 
of pre- and posttest conditions continued to plague the research. 

Similar research interest carried over to the potential for train- 
ing learning. Some speculation concerning the existence of a "g" or 
general factor in intelligence sparked considerable research. .The 



conclusion of much of this research was similar to that based on the 
memory training research, however; little acceptable evidence for a 
general factor, and considerable evidence to suggest that similarity 
between training and criterion was the prime determinant of transfer. 
The conclusion that specificity was an accurate assumption reduced 
interest in nonspecific transfer. The early research warned of some 
of the methodological pitfalls in assessing nonspecific transfer, and 
hinted at the importance of varied training programs and the crucial 
role of the nature of the criterion task in determining transfer. How- ' 
ever, little scientifically acceptable support for nonspecific transfer 
was produced by this research. 

... 3 

Later Research 

Although interest in nonspecific transfer per se waned as a result 
of the conclusion of specificity, later learning research produced 
results relevant to nonspecific transfer. Two' areas in particular are 
of relevance: warmup effects and learning to learn. Warmup refers. to 
the fact that neutral activity prior to criterion performance results 
in better performance, while learning to learn refers to the acquisition 
of learning skills or sets through unrelated practice. 

Warmup is a special case of nonspecific transfer, since the .warm- 
up activity i;S neutral with respect to both the training and the^ 
criterion materials. Evidence suggests that the amount' of warmup ac- 
tivity and its temporal contiguity to the criterion test are both pos'i- 

/ 

tively related to amount of transfer. The result was originally assumed 
to be due to activation of postural and orientation sets which facilitated 



criterion performance. More recent investigations have,attributed 
warmup to the preparation of performance support systems such as at- 
tention and expectancy, thus facilitating performance. In either case, 
the temporal relationship is critical, and warmup effects will tend to 

V 

djssipate quickly. 

Learning to learn effects, on the other hand, tend to be more endur 
ing. Learning to learn occurs when training on a task unrelated tovthe 
criterion results in improved performance. The implication is that sub- 
jects do not acquire skills .directly related to criterion performance, x 
instead they acquire strategies or learning skills useful in solving 
even unrelated problems. The potential relevance to ability training 
-is clear. 

Learning to learn phenomena are not the* only instance in. which 
acquisition of a general strategy appears to play a role in facilitating 
positive transfer. Edmonds and Evans (1966) demonstrated that training 
in a visual pattern recognition task facilitated transfer to a memory 
-reproduction task, if the visual patterns contained some- redundancy. No 
transfer occurred when random visual patterns were used in training. 
The strategy employed to perceive and remember redundant patterns ap- 
peared to be helpful, therefore, in the performance of the memory re- 
production task. 

In summary, while little research has been conducted to examine 
specifically the conditions of nonspecific transfer, some support for • 
nonspecific transfer may be inferred from a variety of phenomena. These 
include warmup and learning to learn, as well as the' general phenomenon^ 



of developing a strategy in one-learning situation which facilitates 
performance in another. - j 

Applied Re search 

— vf 

It might be expected that the potential for nonspecific transfer 
\ of training would have been thoroughly examined by applied researchers, 
\ince its potential value is clear. Here, too, however, much of \the 
evidence about nonspecific transfer is inferential in nature. For. • 
example, when simulation devices are employed in training, it is assumed 
• that higher fidelity (i.e., greater specificity) will result 'in greater 
transfer to on-the-job performance. Contradictory evidence exists, how- 
a ever. Voss (1969) showed that pilot training with a physically similar 
device produced no better transfer than training in reduced conditions. 
It has been suggested (Kheaton, Rose, Fingerman, Korotkin, & Holding, 
1974) that transfer can be obtained from training in devices lacking 
in physical similarity, if there is sufficient task fidelity. 

Educational researchers have attempted to train general abilities 
such as originality and creativity, as well as cognitive abilities. 
For example, Maltzman (1960) reviewed a programmatic attempt at origi- 
nality training. Typically, subjects were trained to produce different 
responses to the same stimulus word. Facilitation of originality 
.occurred as a result at this training, and persisted for as long as two 
days. Similarly, some success has been obtained in training creativity 
(Parnes & Noller, V972). Attempts to train cognitive abilities in pre- 
school children have been made, but are impossible to evaluate due to 
inadequate experimental control. Indeed, this criticism applied to much 
of the educational research on ability training.- 



No direct support of scientific adequacy appears to exist for the 
notion of nonspecific transfer. There, are, however, tantalizing hints 
-suggesting that sucb^transfer is possible. Phenomena such as warmup 
and learning-.to learn may be considered special instances of nonspecific 
transfer. Moreover, training.may result in the development of a mediating 
strategy which proves useful in a, variety of unrelated tasjcs. Suggestions 
of/ positive transfer from gsrieral simulation devices also question the 
need for specif icity -in .training, and evidence favoring general ability 
training may be inferred cautiously from educational research. It is 
clear that to understand transfej, task. requirements and learner strate- 
gies, must be considered, as well as learner abilities. Moreover, it 
appears that task characteristics are more important ..than training 

transfer, and variability of training 
increases the likelihood of transfer. 



i materials per seh'n facilitating 
within a class of response types 



Such evidence supports 
ability training.! 



and encourages a systematic attempt at general 
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STUDY I 

7 

Based^bn the review of the literature on nonspecific transfer, a 
careful study of the feasibility of training se'lected^abilities for 
transfer to Navy tasks 'was undertaken. // 

The abilities selected for training were: (1), flexibility of closure, 
defined as the abllj^to identify or detect a known pattern which is 
hidden- in background material, and (2) spatial scanning,, defined as speed 
in exploring visually a wide or complicated visual field to detect or 
identify objects. The Kit 'of Factor-Referenced Cognitive Tests provides 
the "Hidden Patterns Test" for/flexibility of closure, and "Choosing a 
Path" for spatial scanning, as tests of the level of these abilities. 

Severalicriteria were used for the selection of training materials. 
They needed to be diverse and varied, allowing the subject to develop 
appropriate strategies in a variety of contexts. They had to be diffi- 
cult enough to challenge subjects so that 1 earning could take place. They 
had to be as dissimilar as possible from the criterion task, while stilT 
requiring the same abilities, so that nonspecific transfer might be 
evaluated. Finally, they had to be easy to administer and provide built- 
in feedback. The training paradigm consisted of structured .practice with 
nine self-administered pencil and paper tests selected on the above 
criteria. Six of these tasks involved flexibil ity of closure; the other 
three involved spatial scanning. The nine tasks ""constituting the /train- 
ing program are listed below: » ' • 



Task 1 — "Hidden Figures" (flexibility of closure) 
Subjects were presented with a" series of five geometric 
figures and a complex design in which one of the figures 
was embedded. The task was to visually search the design' 
and identTfy which figure was contained within it, at the 
same time outlining the embedded figure. 

Task 2 --. "Copying" (flexibility of closure) 
In this task subjects copied a series of asymmetrical line 
drawings, composed of connecting line segments, onto grids 
formed of dots. Subjects' drawings had to be in the exact 
proportions and positions as the originals. 

Task 3 — "Puzzles" (spatial scanning). , 
Subjects were to solve line diagram puzzles by tracing over 
all the lines of the diagram with a Continuous line (i.e.; - 
without tracing any. line twice). 

Task 4 — "Hidden Letters" (flexibility of closure) . 
This task required subjects to search for capital letters 
outlined in dots and surrounded by random dot patterns. 

Task 5 -- "Inspection" (flexibility of closure) 
Subjects visually searched graphic designs for irregular 
lines, i.e., lines with breaks. 

Task 6 .a- "Embedded Figures" (flexibility of closure) 
The task was to .locate a particular figure which could 
be hidden within any of four patterns. 
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Task 7 -- "Map Planning" (spatial scanning) -~: 
The task was to identify the shortest route between two 
' locations on a schematized map. 

• ^ Task. 8 — "Mazes" (spatial scanning) 

The task was to solve a series of mazes by tracing a path 

from the starting point to the goal. '" : : 

t Task 9 - "Altai r Designs" (flexibility of closure) ' 
Subjects were presented with computer-generated graphics 
and were to locate specific designs hidden within the 
overall designs. 

. The criterion or transfer task was an electronic troubleshooting task 
It consisted of a series of problems in which subjects were required to 
locate malfunctions, in diagrams of electric circuits. A digital logic 
circuit was employed, in which one faulty wire was identified. The 
subject's task was to find that wire by inserting a hypothetical probe 
(a "light bulb") at various locations (sockets) and depressing the ap- 
propriate switches to turn the light on. If the light went on, that. part 
of the circuit was not faulty and the subject had to check the rest of ■ 
the circuits'. If it failed to go on, additional tests, were required in 
that part of the circuit. Each test ideally divided the number of po- 
tential break locations in half (see Figure 1). Four separate configura- 
tions with three levels of difficulty for each configuration were employed. 
This task-had previously been shown to load heavily on the abilities of 
flexibility of.-closure and spatial scanning (Rose, Fingerman, Wheaton, 
Eisner, &"kramer, ' 1974) . .-, 
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Figure 1. Example 'of troubleshooting probfem at simplest level of problem difficulty. 

(Circles A-P represent light sockets— i.e., locations where subject can plaa 
* probe. Numbered stars are potential breakpoints.) 

ER^C 1 ' 
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Experimental Design and Procedures 

r 

A number of methodological issues had to be considered when de- 
• signing this study. It was, 'of course, necessary to provide a ccmpari- 
son between an experimental group receiving ability training fcnd a 
•X v control group receiving none. Moreover, a pretest/posttest design was 
;necessary to assess transfer from training to the criterion task. How- 
ever, since the pretest itself might serve as a form of practice, addi- 
, tional groups of subjects who received no pretest were required so that 

any effect could be unambiguously attributed to the training regimen.. 

these considerations led to a design employing five groups of sub- 
jects: E 1 , who received the following sequence— pretest, ability 
/ test, training, ability test, and posttest. E 2 received the same se- 
quence without t)je pretest. . The-C,' control group was identical to E ] 
except no abi 1 i ty" tests- or training were administered, and C 0 was 
-""}. identical to E 0 except without ability tests or ability training, A 
final control group, C 3 , received only the ability tests , spaced by a 
period equivalent to the. training period. This control group received 
no pre- or posttest and-no training. Table 1 provides a graphic repre- 
sentation of this design. The design allowed the two key questions to 
be addressed; i.e., were the abilities trained, and did transfer occur? 

Within this design, subjects were randomly assigned to one. of the 
five groups and participated in one experimental session per day, for 
up to five days. 0n the first day, the pretest on the troubleshooting" 
task was introduced and administered. Days two, three, and four consti- ^ 
tuted the training phase of the study, in a single five-hour session each 
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TABLE 1 
Experimental Design 



0 

Group 


o Day 1 
Pretest 


Days 2-4 
Train 


Day .5 
Pnsttpst 

0 


1 

n 


p 


A 


\ 

M T 2 . 


A 


(15) 




A 




A 


(10) 


E 2 




T l BT 2 


A 


ps) 




V 


X 


A 


(10) 


• C 3 


1 


, T l X T 2 




(10) 



X = No Activity 
A = Criterion Task 
B = Training Tasks 
T = Test of Abilities 
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day. The training was preceded and followed byjthe ability tests. On 
the fifth day, the posttest on the troubleshooting task was administered. 
This test consisted of 18 problems varying in form and difficulty, and 

i 

different from the problems presented on the pretest. This procedure 
was modified as necessary to fit the design requirements for each groupA 
Resul ts s and Conclusions " . 



/ 



Analyses were conducted on the ability. test scores and the trouble- 



shooting test.! The four performance measures collected on the trouble- 
shooting task were: (1) accuracy, (2) number of tests to solution, (3) 
time to solution, and (4/ niimber of erroneous tests 



The analyses of the ability test/ ji-nvol ved comparison of the trained 



groups (E 1 and A) to \he appropriate control (C3) to evaluate change in v \ 
ability as a/func^ion ofXtraining. For the spatial scanning test, both 
v x E 1 and E 2 showed ^nif icanty mprovement, while C-^showed no improvement, 
indicating that tha spatia'jl scanning abil ity had been successfully trained. 
On the flexibility of\closure test, E ] and E, again improved significantly, 
but so did C 3 , so the change in ability could not be unambiguously attri- 
buted to training. X^. 

' ■ ' \ " ! - 0 ! 1 
To evaluate transfer, a mi.xed design analysis of variance was con- ' 



as a between-subjects 



ducted 'on troubleshooting scores,' using groups 
variable, and trial blocks and problem difficulty as within-subjects-. 
variables. Time to solution was the only measure of troubleshooting per- 
formance which differentiated among groups. The analysis indicated that 
there was no difference between trained and untrained groups (i.e.,- E ] 
and E 2 equaled C ] and C 2 ). Rather, the presence of the pretest affected 
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posttest performance (i.e., E-, and C-j were faster than E 2 and C 2 ). In 
addition, groups interacted with problem difficulty, such that was 
faster than E 2 at all levels of difficulty, whereas C ] was faster than 
C 2 only on the most difficult problems. These' resu J l ts lend no support 
to the hypothesis that ability training will -transfer to a dissimilar 
criterion task. 

In an effort to discern whether the imp^cTof^raTr^ irmfif" 
is a, function of initial ability level, an analysis of covariance wasT^' 
carried out with ini tial'pretest scores as the covariate for groups 
and C.j . No significant 'differences emerged. Since training might be 
effective only for subjects starting out with a low level of the abilities 
being trained, an analysis of covariance was carried out using only the 
five highest scoring and five lowest scoring subjects for each ability 
test. Again, no significant differences were obtained. Overall, transfer 

o 

ranged from -3.4% to 14.3% on the different measures, and no evidence 
supported the suggestion of enhanced transfer as a function of training " 

■J 

Several conclusions may be drawn from this study.. The training regi- 
men did improve spatial scanning scores, and while we cannot conclude 

i 

that training improved flexibil i ty of closure, it is possible. This is 
so, due to the nature of the ability tests employed. The Hidden Patterns 
Test, though a valid and reliable'' measure of flexibility of closure, was 
so si".mple that there were few wrong answers. , The simplicity of this test 
suggests that training might well have been effective, but the test was 
simply not sensitive enough to detect the improvement. Still the results 
for training abilities are relatively encouraging. 
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This is even more\encouraging when the number 'of potentially importan 
variables" regarding the ^training regimen are considered; Three five-hour 
sessions of massed, self-spaced practice with feedback were employed in the 
present study. Sore extensive or distributed practice might well increase 
ability improvement as a result of training, though these alternatives 
were not logisticaUy feasible in the current study. [Similarly, it was 
decided to use tasks requiring the Ability in question\as training ma- 
terials; it might be that a training program developed around the specific 
behaviors required in the criterion task would be more effective. 



\^ There is less encouragement regarding Ihe possibil ity \f nonspecific 
transfer from ability training. None of the\ analyses performed offers 

support for such transfer. This is confusing, since at least one ability- 

I 'A 

spatial scanning— was, successfully trained.! One possible explanation 



lies in the ability structure required to perform the criterion task; al- 
though the abilities trained in this task 1 account foi the Largest single 
portion of variance in the troubleshooting task,\>ver\ 70% of 'the variance 
in performance is still unaccounted for (cf. Ros^,\et.* al . , 1974). 
Overall, these results suggested further investigation \. t refined somewhat 



by the findings of this initial study. 
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STUDY II - 

The results of an initial attempt to train the abilities of flexi- 
bility of closure and spatial-scanning for transfer to an electronic 
troubleshooting task were mixed, but provided modest encouragement. Some 
evidence for trainability of abilities had been produced, and although 
this training did not transfer to the criterion task, a more "sensitive" 
criterion task or tasks might easily demonstrate such transfer (cf. , 
Levine, Brahlek, Eisner, & Fleishman, 1979). A second study was therefore 
conducted, employing essentially the same methodology as the first, but 
modified to take advantage of the knowledge acquired in the 'first study. 

, For this study, the ability of spatial visualization was chosen as 
the subject for training. Spatial visualization requires representation 
o,f visual .stimuli in- short-term memory, and requires that, in addition, 
'the representation be restructured into components /for manipul ation and 
comparison. It is thus distinct from spatj/al orientation , .which requires 
only a transformation of the represented stimul us/ configuration. 

A principal difference in this investigation was that two transfers- 
tasks were chosen, so that the effect of different. levels of involvement 
of the ability in the/criterion tasks could be examined, and the issue of .. 
general izability of transfer could be addressed. The transfer tasks were: 
(1) Assembly, obtained from the Flanagan Aptitude Classification Tests. 
In this task, subjects are given a diagram of an array of machinery- type 

* . / 

r> 

parts,, labeled to indicate how they fit together, and are required to 
visualize the assembled product and select it from five presented alterna- 
tives; and (2) Designs, developed for this study by ARRO staff. In' this 

/ . 

/ ' 18 
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task, subjects are presented with a>4 x 4 matrix of red and white squares 
and triangles, and are required to reproduce the "flipped" (i.e., turned 
"end over end) version of each design. An independent analysis of the 
contribution of seven perceptual abilities to performance on this task 
indicated substantial contribution by spatial visualization, a lesser 
contribution by perceptual speed, and no other significantly involved 
abi Titles. 

The ability test chosen for this study was the "Surface Development" 
test from the Kit of Factor-Referenced Cognitive Tests . This test is 
speeded, with scores : adjusted for guessing. In addition, the task is 
difficult enough to hope to avoid the problems evident with the ability 
test for flexibility |of closure in the previous study. 

The training materials consisted of nine tasks involving spatial 
visualization: 

e Task 1 "Copying" 

In this task subjects copied a series of asymmetrical line 
drawings onto graph ■ paper grids. Subjects' drawings had to 
be in the exact proportions and positions as the originals. 

• ' Task 2 -- "Paperwork" 

For each item, successive drawings illustrated two or three 
folds made in a square sheet of paper. The final drawing 
of the folded paper showed where a hoi was punched in it. 
. The subject drew "ibles in a blank square to represent where 
. the punched holes would be when the paper was unfolded. 

> 
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Subjects were provided with paper and hole punches with 
which they were to check their answers. !. 

Task 3 — "Puzzles" 

This task consisted of four different problems, each with 
its own instructions and each requiring a different type of 
solution. In general, the problems required subjects to 
mentally rearrange objects into different patterns or to 
mentally rotate two-dimensional drawings in order to arrive 
at a solution. 

- Problem No. 1 was a figure made up of eight squares. The 
task was to fill the squares/with the numbers one through 
eight so that no two consecutive numbers were adjacent 
horizontally, vertically, or diagonally. 

- Problem No. 2 was a schematic representation of a plot 
of land containing 12 houses. Subjects were to divide 
it into six plots of the same size and shape, and each 
containing two houses, by drawing, only four lines. ""T 

- Problem No. 3 presented subjects. with a drawing of four 
pieces of chain, each containing three links.. The task 
was to make a closed loop by opening and re-attaching 
only three 1 inks. 

In Problem No. 4, subjects were shown three two-dimen- 
sional sketches of rectangular solids composed of cubes. 
They were to imagine that' a hole had been drilled 

20 . 
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/diagonally from one corner t& another and then were to 

. -.« ' « • 

-' indicate which cubes the drill passed through... 

Task 4 — "Formboard" 

In this task, subjects viewed pictures jof geometric shapes' 4 
which had been cut into pieces, and werje to imagine how the 
pieces would Jit together to form the original shape. Each 
problem contained two figures— one representing the original 
shape, and. the other, the shape after iVhad been cut. Sub- 
jects were instructed to carefully study the outl ine ' shape 
and r the pieces, then mentally rotate arid reposition the / 
pieces within the outline untid they could determine how 
the pieces fit together. i 

Task 5 -- "Pattern Orientation" 

Subjects located a given pattern of circles within a large 1 

t 

circle which (the pattern) had been rotated from its origi' 
nal position. Subjects then determined which of several 
points' within the large circle had the same spatial rela- 
tionship to the pattern as a particular point did to the 
original unrotated pattern. 

/ 

/ 

Task 'B "Upside Down Copying" 

This-^task was similar to Task 1, except that subjects were 
to copy patterns as they would appear if turned upside 
down. 
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Task 7 — "Stick Problems" 
Groups of "sticks" were laid out to form patterns comprised 
- of squares (pictorial^ representation). In'part I of this 
task, subjects were to remove a specified number of sticks 
in such a manner that a specified number of squares re- 
maine'd. In part II, subjects were instructed to move a 
certain number of sticks into new positions so that a 
certain number of squares resulted. 

Task 8 "Thinking in Three Dimensions" 

..... - . 1 -/ 

Dimension, shape, and surface and interior colors of geo- 
metric solids were described to subjects. Various - cutting 
manipulations were then, described, and subjects were to il" 

/ :i 

answer questions' about the number and colors of. the re- j 1 
suiting pieces. j , 

Task 9 — "On the Square" / l\ 

This task required. subjects to determine how abstract geo- ' 
metric shapes could be dissected and then reassembled to '\ 
form squares. Subjects were presented with a series of \ 
paper shapes; each of which was constructed from pieces of 
a square. The task was to cut each "shape into as few 
pieces as necessary, then reassemble the pieces into a 
square. The resulting pieces would form a\ square only 
if the shape had.been'cut in a certain pattern. 

9 
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Design and Procedure 

The design of this study employed essentially the same logic as 
the first. An experimental group (E^ ) received a pretest on the cri- 
terion task, a pre-training ability test, training, a post-training 
ability test, and finally the post-training criterion task. The effect 
of training on criterion performance was assessed by comparison with 
a control group (C 1 ) which received only the pretest and posttest on 
the criterion task. The effect of pretesting in biasing posttest per- 
formance on the criterion was controlled by the presence of a second 
experimental group (E 2 ) which^was identical to E-, , except no pretest 
on the criterion task was given. Finally, the effect'of training on 

I 

ability level was assessed by comparing the experimental groups to a 

I 

second| control group (C 2 ) which received only the ability tests, with 
!.no ( training or criterion task testing. r 

Some differences between this study and the initial one are ap- 
parent, however. In the present study, only a single ability was 
tr^j^edr~so the practice is more extensive than for either ability in 
the initial study. Two criterion tasks were employed, allowing questions' 
of the general izability of transfer to be addressed. The design al- 
lowed for a substantial increase in the number of subjects per group. 
Finally, a second transfer posttest was administered to some, members of 
Groups E 1 and C 1 , nearly three months af/ter the training period. 
This addition allowed the examination of long-term impact of training 
on performance. The design for this study ,is depicted in Table 2. 
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Group 



N 



20 
20 



TABLE 2 
Experimental Design 



Day 1 
Pretests 



A 
A 



Days 2-4 Day 5 Day 85* 

Train Posttests Posttests^ 



T l BT 2 



A 



A 
A 



i 20 
20 



/ 



I, x T ■ 
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x 

A 

B 

T 
* 



No Activity , 
Transfer Tasks (Designs and Assembly) . 
Training Tasks 
Test of Ability 

Only 9 of 20 subjects in E-j and C 1 returned for testing; 
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"i The procedure for this study was also similar to that of the initial 

\ study, with some modifications.' Since two criterion tasks Here employed, 

the pre- and post-training test sessions were si ightly longer and re- 
i quired that the order in which the criterion tasks were given be counter-, 
•^balanced across groups. /The nine training tasks were administered three . 
;pe^ v \day, with no repetitions, and only a single ability test was admin- 
istered before and after training. Because of this, the training sessions 



we r e\ spmewh at s h o r te r .: ' 

' \ \ \ , ' 



\ Subjects in group participated in groups of five. On Day 1 they 



recei\ved\the two criterion, task pretests in counterbalanced order. On 



Day 2 fchey received the ability test, followed by self-placed training 
on TaskV 1-3. On Day 3 they received training on Tasks V-6, and on Day 4 
training on Tasks 7-9, followed by the ability test again\ On Day 5 and 
on Day 85 they received the two criterion tasks in counterbalanced order. 
Voup E 2 followed a similar procedure, except the Day 1 pretest ana the 
• Day 85 posttest. Group C ] received the Day 1 pretest, Day 5posttes.t, and 
Pay 85 posttest, and Group C 2 received only the Day 2 and Day 4 ability / 
tests. 

Results and Conclusions 



In order to determine whether spatial visual i.zation' improved with ^ 
training, changes in. ability test scores for Groups E-j and £ weri com- 
pared to those of the untrained, control Group Cg. All groups- shoLd some 
improvement in scores, but none of the improvements were statistically 
significant. 
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For both transfer tasks, time to solution was the'only reliable per- 
formance measure. For the Assembly task, a groups x order x trial blocks 
analysis of variance carried.out on the experimental groups revealed no 
significant group main effects, and only a significant groups x blocks 
interaction. indicating that Group E 2 took longer than E ] to solve problems 
in the final block. No other effect of .the pretest on transfer was ao- 
parent. In order to assess whether training had any effect on transfer, 

an analysis of covariance was carried out on Groups E n and C, , using pre- 
/' 1 '■ - ' 1 , 

t^st scores as -the covariate. No group effects were apparent in this 

analysis. Similarly, no group differences in long-term retention between 
Groups E-| and C-j were revealed. 

-A parallel set of analyses was carried out on the Designs test. The 
analysis of variance concerned the variables of groups, order, trial 
blocks, and problem difficulty. The only group effect to emerge in this 
analysis was the group x' difficul ty interaction, indicating that Group E 0 , 
with no pretest experience wi/th the Designs task, took longer to solve 
more difficult problems. Both the covariance analysis and the retention 
analysis revealed no significant group differences. 

This study provided no evidence that spatial visualization could be 
trained. However, previous attempts at training spatial visualization 
had met with at least mixed success {Brinkmann, 1966), so it may be 
important to examine different training methods. Similarly, no evidence 
for transfer of training emerged, with either criterion task, in spite of 
the fact that spatial visualization was nearly the only ability required 
to perform the tasks. Many alternative strategies exist which might 



• . 'v. 

potentially. succeed in training an ability and transferring to a dissimilar 
criterion task, but practical . limitations precl uded\investigation of all 
alternatives. The amount and type of training needed- to improve spatial 
visualization is an empirical issue which has not Vet t>een addressed. 
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CONCLUSIONS 

In this project we were' concerned with initial evaluation of the 
potential for training general human abilities to transfer to a variety 
of Navy-type tasks. A literature review concluded that no direct 
evidence existed regarding the potential for ability training, but 
that indirect evidence from nonspecific transfer research provided 
some, albeit mixed, support for the possibility. - An experiment was 
conducted to train the abilities of spatial scanning and flexibility 
of closure for transfer yto an electronic troubleshooting task. ' Only 
the spatial scanning ability improved through training, ajrid no transfer 
to the troubleshooting task occurred. A second study trained a single 
ability—spatial visual ization--f or transfer to two criterion tasks: : 
In this study there was no evidence; for ability improvement" and no 
transfer of training. 

It appears that the critical issue. is ability training, for trans- 
fer cannot be evaluated until training can be shown to\ be effective. 
The current project successfully trained one Of the thi\ee abilities 
attempted, which suggests that it is,° in fact, possible: The number 
of factors affecting -training effectiveness is large, however. For 
example, the current study used 12-15 hours of practice, 4-5 hours 
per day on three consecutive days. It may well.be that loiVger practice, 
or more distributed practice, would have resulted in greater improve- 
ment. Such variations were not feasible within the scope of the 
current projett. 
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Secondly, the type of training may be critical. The current project 
employed structured practice with tasks known to require the ability 
in question. While this is a feasible approach, it seems possible that 
subjects are unfocused and have an inadequate concept of their learning 
goal. Since the training tasks typically require more than just the"' 
ability in question for performance, this form of training may become 
too diffuse to be effective. - ' 

Another question raised by the current results is the possibility 
that some abil i ties are simply ,more amenable to training, than others. ' : 
Since spatial scanning was trained, it is premature -to conclude that 
ability "training per se is impossible. Rather it becomes a question 
of examining several abilities for trainabil ity. In addition, several 
variations of training programs should- be empl oyed; since it seems 
reasonable to suggest that different training reaimens may be more " 
.effective with different abil i ties . While results of the current' 
project showed no differences in trainabil ity as a result of the 
initial ability level of the-subject, the nature of the ability itself 
may clause it to interact differently with different training programs. , 

One potentially-important.3ourxe_ojf_aXtemative. trai ning strategies 
comes, from current cognitive psychological research, which has tended 
to, breakdown abilities into the component information processing 
operations needed for performance. For example, Just and Carpenter 
(1976) recorded eye movements during^ performance of a spatial visuali-- 
zation task, and were able to discern three processes occurring in 
this task. They labeled these processes "search," "transform," and 
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"confirm." .These processes can be supported both by the eye movement 
data and through independent reacti onetime data:--- c. 

It seems possible that training aimed at improving the applica- 
tion of these component processes might very well result in improved 
overall abil ity^ level as well as^transfer to a criterion task. Indeed, 
Brinkmann's (1966) relatively .successful attempt to train spatial 
abilities focused on components such as orientation, discrimination, 
etc\ This does not- solve 'all the difficulties, however. Specifying 

the (appropriate components for training and an appropriate training 

/ \ • '. . 

regimen are still necessary. While the current project provides 

some answers, many questions remain to be dealt with before the question 

of the potential for traini ng t general human abilities may be satisfactorily 

answered. 0 * 
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